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Arrangement for driving display units with an adaptive start sequence 



The invention relates to a circuit arrangement which includes a subvoltage 
generating unit and a voltage multiplier for generating at least one voltage. The invention 
also relates to a voltage multiplier for generating at least one voltage value and an 
arrangement for driving a display device, to a display device which is provided with such an 
arrangement, and to an electronic apparatus which includes a display unit for the display of 
image data and also an arrangement for driving said display imit. 

Voltage multipliers are required in apparatus in which a voltage higher than 
the available supply voltage is necessary. Such voltage multipliers are used notably for driver 
circuits for display devices. The driving of contemporary liquid crystal displays requires the 
use of voltages which are several times higher than the supply voltage for the driver circuit. 
Voltage multiplier circuits are customarily constructed as charge pumps which are driven by 
the available system supply voltage and increase the system supply voltage to the necessary 
output voltage by way of a series connection of pumping stages, each of which consists in 
principle of a switch or a diode and a capacitor. 

The display technique will play an increasingly more important role in the 
information and communication technique in the coming years. As an interface between 
humans and the digital world, the display device is of crucial importance for the acceptance 
of contemporary information systems. Notably portable apparatus such as, for example, 
notebooks, telephones, digital cameras and personal digital assistants cannot be realized 
without utilizing displays. Driver circuits or driving arrangements are used for driving such 
display devices or displays. The driver circuits convert the image signals to be displayed on a 
display. The image information is stored in the form of digital signals in storage media. Such 
digital signals must be converted into analog signals so that a corresponding contrast can be 
realized on the display by way of an analog voltage. 

Display units are nowadays manufactured in large numbers for which a high 
current efficiency is a principal condition to be satisfied. 

The above display devices are used mainly in battery-operated apparatus, so 
that a low power consumption and a corresponding current efficiency become increasingly 
more important. Moreover, the room available in such apparatus plays a decisive role, so that 
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every saving ofrspace and reduction of weight constitutes a major improvement. Components 
which are not necessary, or components that are only briefly necessary, are additional 
consumers of power which have a corresponding power consumption also during their 
inactive periods. 

DE 19639701 discloses a control circuit for voltage multipliers in which the 
output voltage is monitored. A control signal which is dependent on the output voltage is 
applied to the drivers of a charge pump via a comparator. This enables the charge pump to be 
switched on or off in dependence on the output voltage. 

Undefined states at the start of this circuit may give rise to incorrect operation 
of the circuit. The uncertain states are due to undefined voltages in the initial state of the 
charge pump and its control circuit. For example, the generating of the subvoltage may be 
undefined and the subvoltage which is compared with an externally supplied reference 
voltage may be larger than the reference voltage, so that the charge pump is not started and 
the output voltage of the charge pump cannot increase, thus ultimately leading to incorrect 
operation of the overall arrangement. 

When the charge pump is started, the voltage value at the output of the charge 
pump amounts to zero volts or is undefined, so that the individual subvoltage values are also 
undefined and the comparison in tiie comparator may possibly yield a signal to the charge 
pump that voltage multiplication is not necessary. 

An additional requirement imposed on such circuits relates to the various loads 
whereto the circuit can be subjected. 

Therefore, it is an object of the invention to provide a circuit arrangement with 
an automatic, reliable and adaptive start sequence in conjunction with a low power 
consumption and low requirements as regards space in a circuit arrangement. 

This object is achieved by means of a circuit arrangement for generating at 
least one voltage value, which circuit arrangement includes a subvoltage generating unit and 
a voltage multiplier, it being arranged to switch the voltage multiplier to a direct mode in 
order to control the voltage multiplier during a start time (ts). 

The arrangement in accordance with tiie invention is necessary to deliver an 
increased voltage Vmult and a plurality of different subvoltage values which are dependent 
thereon. These voltage values are required, for example, for driving a display and must be 
very exact. Because some of the subvoltage values for driving a display are often higher than 
the available supply voltage values, a voltage multiplier is used. This voltage multiplier is 
programmable in respect of multiplication factor, for example, in that not all stages of the 
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voltage multipKer are activated. Because of the programmability of the voltage multiplier, 
each time only as many stages of the charge pump are activated as are required for the 
relevant application. The voltage multiplier can thus be adapted to the relevant application in 
respect of current consumption. The multiplication factor with which the voltage multiplier 
operates is dependent on the necessary subvoltage values which are determined by the supply 
voltage, display properties and image information to be displayed. 

Displays can operate in different modes of operation which differ, for 
example, in respect of resolution. Low resolutions require subvoltage values which are lower 
than when the display operates with its maximum resolution. The programmability of flie 
multiplication factor of the voltage multiplier is also advantageous in this respect. 

In order to enable reliable and fast switching on of the arrangement, it is 
necessary that during a start time the operation of flie arrangement is different from that in the 
normal mode. Therefore, it is proposed to start the voltage multiplier directly for the start 
time. To this end, it is arranged to supply the voltage multiplier with an activation signal and 
with an initial start signal. The initial start signal is applied to the voltage multiplier during a 
start time and switches the multiplier to a direct mode. The supply voltage Vdd is then 
apphed directly to the output of the voltage multiplier, so that a defined output voltage of the 
voltage multiplier and defined subvoltage values can arise in the subvoltage generating unit. 
After a start time has elapsed and all necessary voltages and subvoltages have been adjusted, 
the voltage multiplier is controlled by way of the activation signal. 

In a preferred embodiment of the invention the activation signal is formed 
from a subvoltage and a reference signal. The subvoltage is then generated in the subvoltage 
generating unit and the reference signal is externally supplied. 

The initial start signal is generated by monitoring the activation signal. The 
initial start signal is applied to the voltage multiplier until the activation signal exhibits a 
stable logic state. 

The initial start signal and the activation signal are generated in a start control 
unit. This unit is required for controlling the voltage multiplier during the start time and in 
the normal or regular mode of operation. After a defined output voltage has appeared on the 
output of the voltage multiplier, operating in the direct mode, defined subvoltage values also 
arise, so that the start control unit generates a defined activation signal and the voltage 
multiplier can change over to its regular mode of operation. 
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^ After the activation signal has assumed such a stable logic state, the voltage 
multiplier is controlled by the activation signal. The activation signal then controls whether 
the voltage multiplier is required for the multiplication of voltages or not 

The circuit arrangement in accordance with the invention includes a voltage 
multiplier and a subvoltage generating unit, the subvoltage values generated by the 
subvoltage generating unit being derived from the voltage Vmult generated by the voltage 
multiplier. In order to switch the voltage multiplier on or off or to influence its multiplication 
factor, a selectable subvoltage value is derived from the subvoltage generating unit so as to 
be applied to a start control unit. The selectable subvoltage value is applied to the start 
control unit by way of a switching unit which is associated with the subvoltage generating 
unit. The switching unit is preferably realized in the form of a transistor array, so that any 
available subvoltage can be applied to the start control unit in conformity with the relevant 
application. 

The start control unit advantageously includes at least one comparator which is 
realized, for example, by way of a differential amplifier. This comparator receives a 
subvoltage value from the subvoltage generating unit. A reference voltage Vref from an 
external source is applied to the comparator as a reference signal. The comparison of these 
two values results in an activation signal. Using the activation signal and the initial state of 
the arrangement, an initial control signal is generated in the start control unit so as to be 
applied to the voltage multiplier. To this end, the activation signal is applied to a logic circuit 
which generates a self-adaptive start sequence which is applied to the voltage multiplier in 
the form of the initial start signal. In order to ensure that the time during which the voltage 
multiplier operates in the direct mode is as short as possible, it is necessary to monitor the 
activation signal from the comparator. Such monitoring of the state of the activation signal 
enables the time for the initial start sequence to be kept as short as possible. 

As a result, the arrangement for driving display units can be adapted to many 
different applications. At the same time such monitoring of the state enables a reliable and 
fast start of the arrangement, that is, without requiring intricate additional circuit components 
so as to ensure a reliable start. 

The reference signal applied to the comparator may describe, for example, a 
temperature ftinction. Because display units may inter alia be dependent on temperature, it 
may be necessary to adapt the voltage values to the relevant temperature in the case of low 
temperatures. 
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The start time during which the vohage multiplier operates in the direct mode 
can be adaptively adjusted in a preferred embodiment of the invention. This ensures that the 
time in which the voltage multiplier operates in the direct mode is always as short as 
possible. In order to enable such adaptation of the start time, the following requirements have 
to be satisfied or realized. The voltage multiplier is to operate in the direct mode, that is, the 
supply voltage Vdd available is applied directly to the output of the voltage multiplier 
without the stages of the charge pump being activated. Furthermore, the subvoltage 
generating unit must be connected to the output voltage Vmult presented by the voltage 
multiplier, that is, the subvoltage generating unit receives the supply voltage Vdd during the 
start time. The reference voltage Vref is applied to the comparator; however, in this case the 
reference voltage Vref with the lowest temperature coefficient should be selected so as to be 
as independent of temperature as possible during this time. Moreover, the control voltages 
Vop for the switching unit for generating the subvoltage value for supply to the comparator 
should be switched to the maximum voltage possible. In this case the supply voltage Vdd is 
the maximum voltage possible. 

The control voltages Vop for controlling the switching unit are derived from 
the output voltage of the voltage multiplier and may assume voltage values of between 
ground or Vss and Vmult. The subvoltage applied to the comparator is then dependent on the 
available subvoltage values of the voltage divider; the highest voltage during flie start time 
cannot be higher than Vdd. 

For a fast start of the arrangement it is advantageous when a small load is present at 
the output of the charge pump, so that capacitances of the arrangement can be charged as fast 
as possible. Therefore, should the magnitude of the load be adjustable, it should be adjusted 
to be as small as possible. This is achieved by switching off all connected driver circuits, i.e. 
for driving displays. 

In an advantageous embodiment of the invention the charge pump is switched 
to the direct mode. The supply voltage Vdd is then connected directly to the output of the 
voltage multiplier or the charge pump. A charge pump consists of a series connection of a 
plurality of pump stages, each pump stage including at least one switch or a diode and a 
charge storage element. The switches are opened and closed in response to a periodic signal. 
In correspondence therewith the charge storage elements are charged by way of driver 
circuits. The charge thus present in each stage is then transferred from one stage to the next. 
In the direct mode the charge storage elements represent a capacitive load which must first be 
charged before the supply voltage appears at the output of the voltage multiplier. 
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Consequently, it is proposed to disconnect these capacitances in the direct mode, that is, in 
such a manner that charging is no longer necessary and hence the start time can be reduced. 
Alternatively, the charge pump may be provided with a connection which bridges the stages 
of the charge pump in the direct mode and hence realizes a direct connection from the input 
of the voltage multiplier to its output. 

The reduction of the components necessary for realizing a reliable start of the 
voltage multiplier simplifies the testing of such a circuit during its manufacture because, for 
example, only one comparator need be tested. 

An arrangement of this kind can be developed further by introducing a further 
comparator which compares a different subvoltage value with a reference voltage, so that the 
two subvoltage values applied to the two comparators differ in each case, so that the charge 
pump can be reliably started in the switch-on state. 

The object is also achieved by means of a voltage multiplier for generating at least 
one voltage value, containing a series connection of the stages with switching devices (SWn), 
switching devices (SCn) and capacitances (CSn), whereby during a starttime (ts) the 
switching devices (SWn) are closed and by this a supply voltage (vdd) at tiie input of the 
voltage multiplier is switched to the output of the voltage multiplier. By means of the 
switching devices SCn the capacitances could be switched off. This starting sequence will be 
described as direct mode and by this the voltage value will be reached faster. The direct mode 
can be used for free running voltage multipliers and for programmable voltage controlled 
voltage multipliers. 

Preferably after the starttime the multiplication factor can be incremented step by step 
until the predefined multiplication factor is reached. 

The object is also achieved by means of a circuit arrangement for driving a 
display device, which circuit arrangement includes a subvoltage generating unit and a voltage 
multiplier, it being arranged to switch the voltage multiplier to a direct mode during a start 
time (ts) in order to control the voltage multiplier by means of an initial start signal. 

The subvoltage generating unit in a &rther preferred embodiment of the 
invention is used to provide different subvoltage values for driving the rows of a display and 
at the same time a subvoltage value for controlling the voltage multiplier. This results in an 
implementation of an arrangement for driving display units that is very efficient in respect of 
the required space and energy. 

The object is also achieved by means of a display unit for the display of image 
data, which display unit includes an arrangement for driving the display unit with a 
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subvoltage generating unit and a voltage multiplier, it being arranged to switch the voltage 
multiplier to a direct mode by means of at least one signal during a start time (ts). 

The object is also achieved by means of an electronic apparatus which is 
provided with a display unit for the display of image data and also with an arrangement for 
5 driving the display unit, which arrangement includes a subvoltage generating unit and a 
voltage multiplier, it being arranged that at least one signal controls the voltage muhipher 
and that the voltage multiplier can be switched to a direct mode during a start time (ts). 

The object is also achieved by means of a method of starting a circuit 
arrangement which includes a subvoltage generating unit and a voltage multiplier, in which 
10 method an activation signal is generated by comparison of a subvoltage value and a reference 
voltage, the voltage multiplier being switched to a direct mode during a start time (ts) which 
is adaptively adjusted by monitoring an activation signal. 



O 1 5 The invention will be described in detail hereinafter, by way of example, with 

reference to some Figures. Therein; 

Fig. 1 shows an arrangement for driving a display unit without an additional 
|«4 start comparator, 

%^ Fig. 2 shows a start sequence, 

III 20 Fig. 3 shows a display unit, 

pf Fig. 4 shows an arrangement for driving a display unit with a start comparator, 

Q and 

Fig. 5 shows an arrangement of a voltage multipUer with devices for the direct 

mode. 

25 



m 



Fig. 1 shows an arrangement 1 5 for driving a display unit without a start 
comparator. The arrangement 15 for driving the display unit includes a voltage multiplier 20, 
a subvoltage generating unit 40, and a start control unit 30. The supply voltage Vdd 21 is 
30 applied to the voltage multiplier 20. The voltage multiplier 20 forms a higher voltage Vmult 
22 from this supply voltage 21 by means of a plurality of pump stages. The start control unit 
30 is provided so as to control the voltage multiplier 20. The start control unit 30 includes a 
comparator 31 and a logic unit 35. The start control unit 30 receives a subvoltage value Vdac 
34 and a reference voltage Vref 33. This reference voltage is generated in a band gap circuit. 
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^ band gap circuit is a circuit which is capable of generating a voltage whose 
value is imposed by the semiconductor physics. Such circuits are used for generating 
reference voltages. The voltage generated is determined by the semiconductor material used 
(Si, Ge, GaAs, InPh, etc.) and varies hardly in mass production. Moreover, a specific 
5 temperature dependency can thus be realized for the voltage generated. 

The comparator 31 compares the supplied voltage values 31 and 34 and 
generates the activation signal 32, The activation signal 32 is applied to the voltage multiplier 
20 and to the logic unit 35. The logic unit 35 generates the initial start signal 36. The logic 
unit 35 defines, for example, the multiplication factor M of the voltage multiplier 20. The 
10 logic unit 35 is also capable of switching on and off the supply voltage for the voltage 
multiplier 20. 

Several subvoltage values Vteil are formed, via a voltage divider chain 42 
which is realized, for example, as a resistor chain, from the voltage Vmult 22 generated by 
the voltage multiplier 20. One of the subvoltages Vteil is applied to the start control unit 30 
tiJ 15 as the signal 34 by means of the switching device 41 which is realized, for example, as a 

transistor array. The various subvoltage values Vteil are applied to the switching device 41 as 
well as, via the terminals Al-An, to an amplifier circuit 10 which is shown in Fig. 3 and 
serves to drive the rows Z of a display 2. The switching control device 41 is realized as a 
transistor array 41 which is shown in detail in Fig. 4 and is controlled via voltages Vop. Such 
20 voltages Vop are derived firom the voltage Vmult 22. Vop may have the following voltage 
values: either ground (Vss) or Vmult, Vmult is defined by the control, but may at the most be 
M*Vdd, where M is the selected multiplication factor of the voltage multiplier. The 
activation signal 32 delivered by the comparator 31 is monitored by the logic unit 35. The 
self-adaptive start sequence for generating the initial start signal 36 is generated in said logic 
25 unit 35. 

Such an arrangement 15 enables a fast and reliable start of the voltage 
multiplier 20. During the start time ts the voltage multiplier 20 operates in a direct mode. The 
supply voltage Vdd 21 is then applied directly to the output of the voltage multiplier 20, so 
that the output voltage Vmult 22 of the voltage multiplier 20 corresponds to the supply 
30 voltage Vdd 21. 

Fig. 2 shows a diagram illustrating the variation of the initial start signal 36. 
The initial start signal 36 is generated by the logic unit 35. During the start time ts, being 
composed of a fixed time component tf, a monitoring time tc and a delay time td, the initial 
start signal 36 is applied to the voltage multiplier. After the fixed time tf of approximately 1 



m. 



m 



^PHCH010006 



9 08.0L2002 
ms has,elapse4, the activation signal 32 is controlled or monitored by the logic unit. When 
the activation signal 32 changes over to the logic state 1 or remains in this state during the 
time tc and an additional delay time td has elapsed, the voltage multiplier 20 is switched over 
from the direct mode to normal operation. The voltage multiplier 20 is controlled by the 
activation signal 32 as from that instant. The time tf as well as the time td may also be 0, 
depending on the relevant application. Consequently, the time in which the voltage multiplier 
operates in the direct mode can be kept very short. 

Fig. 3 shows an arrangement which is provided with a driver circuit 1 and a 
display 2. The driver circuit 1 is provided with a memory 3 in which the image data is stored. 
The driver circuit 1 also includes an arrangement 15 for driving a display unit. A switching 
and amplifier device 10 applies the subvoltages generated by the arrangement 15 to a switch 

7. A function generator 6 generates sets of orthogonal functions. Such sets of orthogonal 
functions are applied to the sv^dtch 7. The applied subvoltages and orthogonal functions are 
combined therein so as to be applied to the relevant rows Z of the display 2. The subvoltage 
values generated and the supply voltages Vmult, Vdd and Vss are also applied to the switch 

8. The switch 8 also receives the orthogonal functions from the function generator 6. A 
column voltage is calculated in the switch 8 on the basis of the sets of orthogonal functions 
and the image data read out from the memory 9. From the number of available subvoltages 
this column voltage is then selected so as to be applied to the columns S of the display 2. 

Fig. 4 shows an arrangement for driving, for example, a display device with an 
additional start comparator 37. Like the arrangement shown in Fig. 1, the present 
arrangement also includes a resistor chain 42 for generating subvoltage values, a voltage 
multiplier 20, a start control unit 30, a switching device 41 which is constructed as a 
transistor array, a logic block 48, a comparator 3 1 and a further logic block 38. 

The start comparator 37 receives a subvoltage value 39. The start comparator 
37 generates an output signal 44 which is applied to the logic block 38. The logic block 38 
also receives the comparison signal 43 from the comparator 31. An OR-operation is 
performed in the logic block 38, resulting in an activation signal 32 being applied to the 
voltage multiplier 20. This arrangement, comprising two comparators 31 and 37, is capable 
of generating a start signal which enables reliable starting of the voltage multiplier 20. This 
arrangement requires an additional comparator 37 or start comparator and a further logic OR- 
operation 38. Because the subvoltage signal 39 is in any case a defined ratio of Vmult, the 
start control unit 30 produces a reliable activation signal 32. The control signals Vop are 
derived from Vmult. Vop may have voltage values of between Vss (ground) and Vmult. For 
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low voltage val^ues of Vmult (Startup), Vdac 34 is not defined. It is only when the voltage 
Vmult is high enough that Vdac becomes defined and the comparator 3 1 can take over the 
control of the voltage multiplier 20 by way of the signal 43. The ratio of the signal 39 to the 
voltage 29 Vmult is chosen to be such that the start comparator 37 activates the voltage 
multiplier 20 at least until Vmult is high enough so as to define Vdac. The function of Ihe 
logic unit 48 in Fig. 4 deviates from that of the logic unit 35 in Fig. 1 . For example, the 
multiplication factor M of the voltage multiplier 20 is defined in the logic unit 48. The logic 
unit 48 is also capable of switching on and off the voltage supply for the voltage multiplier 
20. 

Fig. 5 shows an arrangement of a voltage multiplier with devices for the direct 
mode. The voltage multiplier 20 is shown in very simplified form. It includes a plurality of 
stages SI to Sn, each of which includes a switching device SWn, a switching device SCn and 
a capacitor CSn. In the direct mode the supply voltage Vdd is switched directly to the output 
Vmult. To this end, the switching devices SWn are closed. In order to keep the capacitive 
load small, it is advantageous to disconnect the capacitors of the stages from the direct 
connection of Vdd to Vmult. The switching devices SCn are provided for this purpose. They 
are opened in the direct mode. The switching devices SCn are closed or conductive in the 
normal mode. As an alternative for this arrangement, a direct connection may be provided 
between the input Vdd of the voltage multiplier and the output Vmult. To this end, there is 
provided at least one switching device SAl which may be supplemented, if desired, with a 
further switching device SA2. The configuration to be selected is dependent on the relevant 
application; the space available in the circuit and the relevant additional current consumption 
must be taken into account for this choice. 

An arrangement 1 5 in accordance with the invention can also be used for the 
voltage supply for flash memories or similar applications requiring a voltage that is higher 
than the voltage which can be delivered by the system supply voltage. 



